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ABSTRACT 

We performed the long-slit observations of spiral galaxy UGC11919 with the Rus¬ 
sian 6-m telescope to study its kinematics and stellar population. The previous studies 
gave basis to suspect that this galaxy possesses a peculiarly low mass-to-light ratio 
M/Lb of stellar population which could indicate the presence of bottom-light stel¬ 
lar initial mass function (IMF). The ratio M/Lb estimated for different evolutionary 
models of stellar population using both the broad-band magnitudes and the detailed 
spectral data confirms this peculiarity if the disc inclination angle i ^ 30°, as it was 
obtained earlier from the optical photometry, in a good agreement with the Hi data 
cube modelling. However the re-processing of Hi data cube we carried out showed 
that it is compatible with much lower value i ss 13° corresponding to the ’’normal” 
ratio M/Lb, which does not need any peculiar stellar IMF. Stellar velocity dispersion 
measured at one disc radial scalelength from the center also better agrees with the 
low disc inclination. However in this case we should admit that the disc possesses a 
non-axisymmetric shape even after taking into account a two-armed spiral structure. 

The derived stellar kinematic profiles reveal a signature of kinematically decou¬ 
pled nuclear disc in the galaxy. Using different evolution models of stellar population 
we estimated the stellar metallicity [Z/H] (-0.4, -0.5 and -0.3 dex) and the mean 
luminosity-weighted (for the luminosity in the spectral range 4800 — 5570 A) stellar 
age (4.2, 2.6 and 2.3 Gyr) for the bulge, disc and nuclear disc of this galaxy respec¬ 
tively. 

Key words: galaxies: kinematics and dynamics, galaxies: individual: UGC 11919, 
galaxies: evolution, galaxies: spiral 


1 INTRODUCTION 


One of the key problem of formation and evolution of galax¬ 
ies is the stellar initial mass function (IMF). At the present 
time the question of the univ ersality of IMF still remains 
open (see f.e. the d i scussion in Rrou pajIgOOjdGilmorel[200 ll : 
iBastian et al.l[20ld : iGunawardhana et al.l 201 j f. 

It cannot be excluded that in some discy galaxies 
IMF may differ significantly from that usually accepted 
as ’’typical” or ’’normal” IMF observed in our Galaxy or 
in the neighbor galaxies. In the current ar ticle, we define 
as the ’’normal” IMF the scale d Salpeter dSalpeterlIl955l . 
iBell Sz de JondboO or Kroupa llKroupall200ll ) IMFs which 
we used in the spectral fitting. 


* Corresponding author : saburovaannOgmail. com 


In ISaburova et al.l (l2009l i we attempted to identify 
galaxies with presumably non-typical IMF by choosing the 
objects where the rough estimate of the dynamical mass-to- 
light ratios M/Lb = v^ti^/GLb, where v is the velocity of 
rotation and r 25 is the optical radius, strongly disagrees with 
M/Lb ratios of stellar populations found from the color in¬ 
dices. The most interesting cases are where galaxies possess 
a dynamical mass that is too low for their luminosity and 
color, because the presence of a dark halo in these galaxies 
may only increase the discrepancy between the dynamic and 
photometric mass estimates. In many cases this discrepancy 
is the result of errors, connected mostly with the estimation 
of dynamical masses, hence every case should be verified us¬ 
ing the additional data. It is not surprising that the analysis 
of measurement errors has significantly reduced the final list 
of potential candidates for galaxies with peculiar mass-to- 
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luminosity ratios. In ISaburova et aP (l2013fi (hereafter Paper 
I) we performed a detailed study of two objects from this 
list. It was concluded that for one of them - UGC11919 - the 
peculiarly low dynamical mass-to-light ratio concords with 
new optical and Hi observations. 

UGC11919 is SABb galaxy with apparent magnitude 
corrected for Galactic extinction rriB = 13.5 mag. Its cosmo¬ 
logical velocity (5576 km s”*^) corresponds to the distance 
74 Mpc and luminosity Mb = —20.8 mag. The galaxy pos¬ 
sesses the bar, two prominent symmetric spiral arms, and, as 
our Hi observations showed, a giant hydrogen ring of low in¬ 
tensity, surrounding the optical galaxy. According to Paper 
I, the best fit dynamical mass-to-light ratios M/Lb of stel¬ 
lar disc and bulge {(M/LB)diac = 0.5, {M/LB)buige = 0.4) 
are correspondingly 3 and 5 times lower, than it is expected 
from the model M/ Lb-coIot relations for the scaled Salpeter 
IMF proposed bv iBell fc de Jonel (l200lh . 

However, the inclination angle estimate is quite uncer¬ 
tain for this galaxy. It leaves the question of mass estimates 
of UGG11919 open. Indeed, Hyperleda database gives the 
inclination angle i = 57° obtained from the outer isophotes 
axes ratio. More elaborate 2D-photomerty carried out in Pa¬ 
per I gave i = 58° ±4°, leading to the peculiarly low M/Lb- 
After masking the prominent spiral arms the flattening of 
optical isophotes {i = arccos(a/6)) for r ^ 57” admits the 
inclination i ^ 35°. Thus the photometric estimations of i 
do not solve the problem of low dynamical mass of stellar 
population. 

The Hi data analysis partially softened the discrepancy, 
giving the lower value i ~ 30° for the model taking into 
account the velocity and density perturbations due to two¬ 
armed spiral structure. In Paper I we also considered the 
warped disc model where the inclination and the position an¬ 
gle varied with radius, representing the symmetric S-shaped 
warp. However in this model the inclination changes only 
moderately remaining between 45 and 35 degrees. So both 
models give the range of i that does not eliminate the dis¬ 
agreement with the M/Lb ratio expected from the color 
indices of the galaxy. 

To reconcile the dynamic and photometric mass esti¬ 
mates the inclination i should be about 14 ± 1.3°. As we 
show below this value is not in conflict with the observa¬ 
tional data. 

In this paper we re-processed the Hi data cube of 
UGG11919 and attracted the data of spectral observations 
we carried out at 6m telescope BTA to clarify the dynamic 
properties of this galaxy and to study the properties of its 
stellar population. 


2 THE INCLINATION ANGLE: 
RE-PROCESSING OF HI DATA 

Observations of UGC11919 in the Hi line mentioned above 
were carried out earlier in the Westerbork Synthesis Radio 
Telescope (WSRT). The data processing and the results were 
described earlier in Paper I. In the current work we applied 
the same program TiRiFicQ to reprocess the Hi data cube 


^ http://www.astron.nl/ jozsa/tirific/ 


obtained in order to check the compatibility of kinemati- 
cal model with low inclination angle. TiRiFiC is a software 
allowing for a direct fit of m odified tilted-ring models to 
data cubes lljozsa et al. li^. We used the model similar 
to the bisymmetrical model described in Paper I for a thin 
disc, which takes into account the presence of the ordered 
non-circular motions in addition to morphological deviations 
from axial symmetry from two arm spiral structure. This 
time we changed the initial guesses of the parameters signif¬ 
icantly in order to get as low inclination as possible which 
remains compatible with the Hi data cube and obtained a 
model with the inclination i = 13° in a good agreement with 
the value needed to eliminate the discrepancy between the 
dynamical and photometrical mass estimates. 

In Figs. [H E] we show the observed Hi total intensity 
map with the overplotted observed isodensities, the model 
contours and the residuals (observed minus model maps) 
for high and low inclination (30° and 13°). In Fig.[3]we also 
compare the observed and model first moment Hi maps. The 
contours in Fig. [3] correspond to the velocities v = Vayai 0, 
20, 40 km s“^ of the observed (blue) and model maps for 
i = 13° (red) and i = 30° (green). In Fig. |4]we demonstrate 
the residues of the models from the observed first moment 
map. One may see that model with low inclination slightly 
overpredicts the rotational amplitude and the surface den¬ 
sity of the gas in the peripheral regions, although it can’t be 
rejected. A similar conclusion may be done from the compar¬ 
ison of the model and the observed data cubes (see Fig. 
Hence the Hi data do not contradict to the low inclination 
and to the non-peculiar IMF. 

We checked the compatibility of the given inclination 
angles with the position of the galaxy in the Tully-Fisher 
diagrams. In Fig[^we plotted UGG11919 assuming two val¬ 
ues of inclination {i = 30° and i — 13°) on the three 
kinds of Tully-Fisher (TF) diagrams: a classical one, where 
the rotational velocity is compared to the B-band luminos¬ 
ity (Fig[6] left), baryonic (Fig[6] centre) and stellar (Fig|6j 
right) masses of galaxies. The par allel lines i n thes e hg- 
ures mark the sequences fou nd by iMcGau^ (l2005l l and 
iMcGaugh fc SchombertI (l2015h for the samples of disc galax¬ 
ies and their uncertainties. The luminosity and masses of 
UGG11919 are taken from Paper I and Sect. 14.51 of current 
paper (for i = 13°). As could be seen from Fig|6]the low 
inclination case nicely agrees with the relations followed by 
spiral galaxies. 

We came to conclusion that the disc of UGC11919 ei¬ 
ther is really too light for its luminosity, or the galaxy is 
seen nearly face-on. In the latter case the isophotes flat¬ 
ness reflects a large-scale non-axisymmetry of the disc. The 
oblate form of the optical disc (the internal axial ratio of 
{b/a)o ~ 0.89 or lower) is needed to explain the difference 
between the optically observed inclination i ^ 35° and the 
inclination i = 13° corresponding to the ’’normal” M/Lb 
ratio. In both cases the galaxy appears to be interesting for 
further studying. The aim of current article is to test the 
results of dynamical modeling obtained in Paper I and to 
explore the properties of stellar population of the galaxy 
using the long-slit data. 

In current paper we give more preferences to the incli¬ 
nation i = 13° obtained from the Hi data cube modeling and 
corresponding to the ’’normal” IMF since it is in good agree¬ 
ment with the stellar velocity dispersion data (see below). 
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Figure 1. Hi total intensity map with the overplotted observed column density 5.4, 2.0 xlO^^ atoms cm ^ contours (blue), in comparison 
with the model contours for the same column densities, reproduced in the bisymmetric models for i = 30° (green) and i = 13° (red). 
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Figure 2. Hi total intensity map residuals (observed map minus model map) for the bisymmetric models for i = 30° (left) and i = 13° 
(right). 
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Figure 3. The observed first-moment map of UGC11919 with the overplotted observed (blue) and bisymmetric model (green for i = 30' 
and red for i = 13°) contours v = Vsys^ 0, 20, 40 km s~^. 
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Figure 4. The residuals of the first-moment map of UGC11919 (observed minus model maps) for the bisymmetric model with i = 30° 
(left) and i = 13° (right). 
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Figure 5. Selected images of Hi data cubes of UGC 11919. Blue, red, and green contours represent the 0.75, 3, and 5 mjy/beam levels 
of the observed and model data cubes for i = 30° and i = 13°, respectively. 


However one should keep in mind that the higher inclination 
cannot be fully excluded. 


3 SPECTRAL OBSERVATIONS AND DATA 
REDUCTION 

We carried out observations of UGC11919 in the primary 
focus of the 6-m telescope of the Special Astrophysical Ob¬ 
servatory (SA P RAS) in August 2013 usin g the SCORPIO 
focal reducer jAfanasiev &: Moiseev! l2005ll in the long-slit 
mode. Observations were conducted for two position an¬ 
gles PAi = 20° which is by 25° less than the major axis 
PAq = 45° found in Paper I from the Hi data cube model¬ 


ing, however it is close to the PAq derived from the anal¬ 
ysis of optical isophotes, and PA 2 = —52° which is close 
to minor axis. We used the two spectral cuts to study the 
dynamics of the disc and the spectral properties of stellar 
population. Unfortunately we failed to get a reliable esti¬ 
mates of the orientation angles of the disc from these data. 
We give preference to the value of PAq found from the Hi 
data. 

The exposure times and atmospheric conditions are 
given in Table [T] We utilized the slit-width of 1”. The posi¬ 
tions of the slit are shown in Fig. [T] We used VPHG2300G 
grism with the spectral range of 4800-5570 A and reciprocal 
dispersion 0.38 Kjpx. The spectral resolution is i? « 2200. 
The scale along the slit is QAQ” /px. 
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Figure 6. The position of UGC11919 for two values of inclination angle on the Tully-Fisher diagrams. Left: the classical (log(La) versus 
log(i;)) Tully-Fisher relation, the lines correspond to the relation found bv lMcGaugh|[2005l and its uncertainty. Gentral and right hand 
panels show baryon ic (log(Mh) versus log(u)) and stellar (log(AL*) versus log(i;)) Tully-Fisher relations respectively, the lines denote the 
sequences found bv lMcGaugh &: Schombei^l2015l and their uncertainties. 


The data reduction was performed as it is described 
below. First we subtracted the averaged bias frame and 
truncated the overscan regions. The traces of cosmic ray 
particles were removed and after that all frames were di¬ 
vided by normalized flat field frames. Then to calibrate 
the spectra we constructed two-dimensional dispersion equa¬ 
tion using the spectrum of a He-Ne-Ar calibration lamp, 
which gave the mean error 0.05 A. The spectra were lin¬ 
earized and summed. Then we subtracted the spectrum of 
the night sky taking into account the instrumental profile 
var iations along the slit (for mor e details of sky subtraction 
see iKatkov fc ChilingarianI 1201 il l . After that we performed 
the flux calibration using the spectrum of spectrophotomet- 
ric stellar standards GD248 and GRW70D. 

To estimate the variation of the parameters of the spec¬ 
trograph instrumental profile we analyzed the twilight sky 
spectrum observed in the same observational run. To do 
this, we splitted the frame of the twilight sky spectrum 
into the sections and co-added the spectra to achieve a 
high signal-to-noise ratio. After that we fitted the every sec¬ 
tion by the high- resolution solar spe ctrum, taken from th e 
ELODIE3.1 stellar spectral library (IPrugniel et aL|[2007ll . 
During the fitting we parameterized the twilight sky spec- 
trum by the Gauss-Hermite s eries of orthogonal functions 
llvan der Marel fc Franxlll993ll . It allowed us to obtain the 
instrumental profile parameters for different spectral ranges 
and along the slit. The resulting variation of the instrumen¬ 
tal profile was taken into consideration during the spectral 
fitting by convolving it with the grid of stellar population 
models. 

The parameters of stellar population of galaxy were ob¬ 
tained by fitting hig h-resolution PEGASE.H R simple stellar 
population models (iLe Borgne et all [20o3) (hereafter SSP 
models) in which all stars are formed in one instantaneous 
burst of s tarformation. The NBur sts full spectral fitting 
technique llChilingarian et ^ l2007fl we used allows to fit 
the observed spectrum in the pixel space against the pop¬ 
ulation model convolved with a parametric line-of-sight ve¬ 
locity distribution. In this method the parameters of the 
stellar populations are derived by nonlinear minimization 
of the quadratic difference chi-square between the observed 
and model spectra. As the result of modelling we obtained 
the radial profiles of the velocity, velocity dispersion, age of 
stellar population and its metallicity. A subtraction of the 
model of stellar spectrum from the observed one gave us 
a pure emission spectrum. We fitted the emission lines by 


Gaussian distribution which allowed to obtain the velocity 
and velocity dispersion of the ionized gas. 

In order to increase the signal to noise ratio for the pe¬ 
ripheral regions of the galaxy we used the adaptive binning 
procedure to achieve the signal-to-noise ratio S/N = 10 for 
every bin. 

As far as the mass-to-light ratio of different compo¬ 
nents of UGG11919 is of crucial interest for us we have 
also performed a more elaborate analysis to obtain the in¬ 
tegrated properties of stellar population of the main stellar 
components of the galaxy. In contrast to the estimation of 
radial distribution of the parameters of stellar population 
described ab ove we utilized the NBursts- fphot technique 
presented bv iGhilingarian fc Katkc^ ll2012ll . This technique 
uses not only the spectral data but also the broad- band 
spectral energy distribution (SED). This method was ear¬ 
lier successfully appli ed to the giant low sur face brightness 
galaxy Malin 2 fsee iKasoarova et al.l 120141 . We used the 
photometric broad-band optical data from Paper I parallel 
with the archive SDSS and GALEX images in NUV, FUV, 
u, g, r, i, z, B, V photometric bands. The photometric data 
were reduced in a standard way using the MIDAS software 
packag^^. After that we modelled the spectra and SEDs 
separately for the disc, bulge and nuclear disc regions as¬ 
signing the equal weight to the wide-band magnitudes and 
the detailed spectrum fitting. In contrast to the estimation 
of radial distribution of the parameters of stellar popula¬ 
tion described above here we used the integrated spectrum 
for each component of the galaxy. To do it we summed the 
spectra in the following three regions: r < 3”(nuclear disc), 
4” < r < 8”(bulge), r > 9”(the main disc). To fit both the 
spectra and SED we used not only the SSP model as for 
the radial variation of the parameters, but also the models 
with the exponentially declined star formation (exp-SFH). 
Both SSP and exp-SFH models are computed with the PE¬ 
GASE.HR code based on the ELODIE.3.1 empirical stellar 
library. The SSP stellar population models are characterized 
by metallicity [Z/H] and age T, the exp- SFH models — by 
metallicity [Z/H] and the exponential decay time scale r. 
The epoch of start of star formation in the exp-SFH model 


^ MIDAS is developed and maintained by the European South¬ 
ern Observatory, software package. The archive data were cali¬ 
brated according to the information available at the FITS file 
headers. 
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Figure 7. Composite gri- image of UGC11919 from SDSS with the overplotted positions of the slits. 



Table 1. Observation log. 


PA,° 

Exposure time, s 

Seeing, 

20 

8100 

1.4 

-52 

9600 

1.4 


is fixed at T = 13 Gyr (note that the results are not sen¬ 
sitive to the choice of T > 10^° yr). We used two IMFs in 
the models: the Salpeter IMF (SSP model) and the Kroupa 
IMF (exp-SFH model). 


4 RESULTS 
4.1 Kinematics 

In Figs. I8I9I we show kinematical profiles of line-of-sight ve¬ 
locities and velocity dispersions of stars and ionized gas ob¬ 
tained from the long- slit spectra oriented at PAi = 20° and 
PA 2 = —52°. We also give the reference composite SDSS 
images in gri- bands in the top panels. 

Line-of-sight velocity distribution along PAi clearly re¬ 
veals the rotation with a steep velocity gradient within 
galactocentric distance r « 5". 

Velocity dispersion of stars is high in the central 5-7”, 
where the light of bulge prevails. From Figs. I8I9I it follows 
that there is a central depression of stellar velocity disper¬ 
sion for both slit positions, within r « 4” (corresponding 
to r 1.4 kpc) which can indicate a nuclear, kinematically 
decoupled, stellar disc. This effect could also be the result 
of the orbital anisotropy related to the bar, however in this 
case we would expect it to be different for nearly orthogonal 
positions of the slit. 

In Fig. [TU] we show the rotation curve of stars and gas 
assuming i = 13° (the long-slit data are taken along PAi = 
20°). We take into account that the slit orientation differs 
by the angle a from the position of major axis, using the 
geometric relationships for axisymmetric disc: 

Vr{r)^{sec'^{i) cos2(a)) 

= -wo-TT- 

sm(i) cos(a) 


( 2 ) 


Slit #1 (PA=20“) 



-40 -20 0 20 40 

Position along the slit, arcsec 


Figure 8. The kinematic profiles of the line-of-sight velocities of 
stars and ionized gas along PAi = 20°. Top panel corresponds to 
the SDSS composite gri- reference image of UGC11919. Central 
and bottom panels show the line-of-sight velocity and velocity 
dispersion profiles correspondingly. 


Here is the radius in the plane of projection, Vr is the 
line-of-sight velocity corrected for the systemic velocity. 

In Fig. [To] we also show by black dashed line the ro¬ 
tation velocity of stars corrected for asymmetric drift in 
epi cyclical approximation for e xponential stellar disc follow¬ 
ing [Binnexilwimaini 1 I 2 OO 8 I I: 


2 




= v1 + ■ (0.5 


d ln(t;r) 
dln(r) 


r 

-0.5-b — 

Td 


dln{Cr) 

dln(r) 


(3) 


Here Vc is the circular velocity, Vr is the observed rotation 
velocity of stars, Cr is radial velocity dispersion of stars, rd 
is the exponential scalelength of disc. 

As could be seen from Fig. [10] the optical rotation ve¬ 
locities agree well with the Hi kinematic data, with the ex¬ 
ception of the central part of the disc where the resolution 


r = ra^J{sec‘^{i) — tan2(i) cos2(a)) 
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Figure 9. The kinematical profiles of the line-of-sight velocities of 
stars and ionized gas along PA 2 = —52°. Top panel corresponds 
to the SDSS composite gri- reference image of UGC11919. Central 
and bottom panels show the line-of-sight velocity and velocity 
dispersion profiles correspondingly. 
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Figure 10. The rotation curve of UGC11919 assuming i = 13°. 
Black circles correspond to the radial profile of the velocity of 
stars. Green and pink circles show the rotation curve of ion¬ 
ized gas. Gyan line corresponds to the Hi rotation curve. Dashed 
black line demonstrates the rotation velocity of stars corrected 
for asymmetric drift. 



of Hi is not good enough. The low intensity of emission lines 
cannot reproduce the reliable shape of rotation curve in the 
outer regions of the disc. By this reason we’ll use below the 
rotation curve found from Hi measurements, which allow to 
trace it much further from the centre. 


4.2 The properties of stellar population 

Parallel with kinematic estimates, we also obtained the ra¬ 
dial profiles of luminosity-weighted values of stellar age T 


Slit #1 (PA=20°) 



Figure 11. Stellar population age and metallicity radial profiles 
along PAi = 20° (middle and bottom panels). Top panel corre¬ 
sponds to the SDSS composite gri- reference image of UGG11919. 
Dotted thin vertical lines mark the position of the regions where 
the age of stellar population changes sharply. 


and metallicity [Z/H]. The radial profiles of the resulting 
parameters are shown in Figs. fTT ] 1121 for PAi and PA 2 re¬ 
spectively. We also give the reference SDSS images in order 
to link the data with the image of the galaxy. As could be 
seen from Figs. llllll2l the age and metallicity do not remain 
constant along the slits. We mark by thin dotted lines the 
positions of regions with sharp gradients of the age of stel¬ 
lar population. The central depression of the age noticeable 
in the profiles for both slit positions most probably corre¬ 
sponds to the nuclear disc with the long lasted star forma¬ 
tion which reduces the mean stellar age. The increase of the 
age at r ~ 3 — 4"seen in Figs. 1111112l is the manifestation of 
the old stellar bulge, which dominates the luminosity in this 
region. We also see in Fig. [11] two minima at the positions 
close to the spiral arms, evidently indicating the presence of 
the current star formation in the spiral arms. 

The mean (luminosity-weighted) stellar age obtained for 
the central region r < 4” of UGC11919 is about 1.5 Gyr. 
Stellar metallicity of this region is about -0.2 dex, that is 
a factor 1.5 lower than the solar metallicity. This under¬ 
abundance is typical for a galaxy of a given luminosity. Fur¬ 
ther from the centre where the disc contribution dominates 
we obtained the mean values: [Z/H\ ~ —0.4, T « 2.2 Gyr 
corresponding to M/Lb = 1.6 which practically coincides 
with that found by Paper I from the obser ved color index 

S B — H )o and M/Ls-color relation given bv iBell fc de Jon3 
200lj) {{M/LB)disc = 1.7±0.3). This ratio is about 3 times 
higher than that based on the mass-modeling for i = 30° and 
is in good agreement with the rotation curve for i = 13° (see 
Sect. iTSll . 
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Slit#2(PA=-52°) 



Figure 12. Stellar population age and metallicity along PA 2 = 
—52° (middle and bottom panels). Top panel corresponds to the 
SDSS composite gri- reference image of UGC11919. Dotted thin 
vertical lines mark the position of the regions where the age of 
stellar population changes sharply. 


4.3 SED and the detailed spectrum modelling 

To obtain the integrated properties of stellar population of 
each component of the galaxy we performed modeling of 
both spectrum and broad-band SED (for more details on 
the method see Sect. 3). 

As could be seen from Fig. I13[ SSP models failed to re¬ 
produce the high fluxes in UV. However the GALEX images 
of UGC11919 are characterized by low S/N ratio. By that 
reason we decided to consider the SSP models neglecting 
UV fluxes. In Figs. 11411151 and 1161 we show the observed and 
model spectra (SSP model and SED model) for the disc, 
bulge and nuclear disc correspondingly without using the 
UV data. Blue and black lines and the symbols correspond 
to the model and observed data respectively. The resulting 
values of stellar population age, metallicity, and M/Lb ra¬ 
tios for the SSP modeling of the spectra obtained for both 
slits are given in Table [2l The obtained mass-to-light ratio 
(see Table [U is 1.4 times higher and 1.1 times lower than 
that found in Paper I from {B — V)o color indices for a bulge 
and a disc correspondingly. All these values of M/Lb ra¬ 
tios remain significantly higher than those obtained in mass¬ 
modeling for i = 30°. However for i = 13° the discrepancy 
disappears. It indicates that either the IMF of UGG11919 


is bottom-light with a deficit of low massive stars, or the 
inclination angle is much lower than the photometry gives. 

Figs. ll7|and ll8l show the observed and exp-SFH model 
spectra and SED for disc and bulge. The model with expo¬ 
nential star formation history failed to reproduce the spec¬ 
trum and SED of the nuclear disc. It means that a history of 
its star formation should be more complex. Lines and sym¬ 
bols correspond to the model (blue) and observed (black) 
data. The resulting parameters r, Z and M/Lb for the spec¬ 
tra obtained at both slit positions using exp-SFH model are 
given in Table 

As could be seen from Table [51 there is a reasonable 
agreement between the parameters obtained for the spectra 
of both slits. The variation of the age and metallicity for dif¬ 
ferent PAs are quite expectable because the slits cross the 
regions with different properties of stellar population. From 
Table[2]it follows that the youngest stellar component of the 
galaxy is the nuclear disc, at the same time it possesses the 
relatively low metallicity. One may propose that this com¬ 
ponent could be formed by the accretion of the low mass 
satellite galaxy by UGG11919 followed by the star forma¬ 
tion. The stellar population of bulge possesses the largest 
age, its metallicity is higher than that of the younger stellar 
main disc reflecting the negative radial metallicity gradient 
usually observed for spiral galaxies. 


4.4 On the disc thickness and its gravitational 
stability 


The measurement of stellar velocity dispersion within one 
disc radial scalelength « 21” « 7.5 kpc where the contri¬ 
bution of bulge is negligible may give the additional infor¬ 
mation about the disc dynamical condition for the different 
accepted disc inclination. 

In both cases - for i = 30° or i = 13° the main compo¬ 
nent of stellar velocity dispersion is the vertical component 
Cz perpendicular to the disc plane. It allows to use its value 
( 48 km s~^) for the rough estimate of the equilibrium scale- 
height Zo of stellar disc: 

Zo = cl/nGadR), (4) 


where o'jj(r) is the surface density of the disc at the galac- 
tocentric distance r. Mass decomposition of the galaxy pre¬ 
sented in Paper I gives for r = the density ad{rd) ~ 
33Mq/pc^ for i = 30° (disc with peculiarly low M/L ratio). 
For the inclination i = 13°, expected for the normal stellar 
IMF (JdRd) ~ 112 Mq/pc?. The corresponding values of Zq 
are 4.9 kpc and 1.5 kpc or Z^/vd = 0.7 and Zo/vd = 0.2. It 
is evident that in the first case the disc half-thickness is un¬ 
acceptably big, which gives the additional evidence in favor 
of the lower inclination and the normal density stellar disc. 

The estimates of stellar velocity dispersion may also 
be used to put constraint on the disc surface density us¬ 
ing the condition of gravitational stability of the disc. It is 
worth noting that the comparison of the masses of galac¬ 
tic discs of spiral galaxies found under assumption of their 
marginal stability and those found from photometric mod¬ 
els shows that they usually agree, which gives evidences 
that the stellar discs are close to marginally s table condi¬ 
tion at least at 1-2 radial scalelengths (see e.g. Zasov et al.l 


I2OO4I . IZasov et al.l 1201 ll . ISaburova fc Zas^ l2012l ) . For the 
one-component isothermal disc the stable state is locally 
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Figure 13. The results of modeling of the integrated disc spectrum at PAi = 20° (left) and disc SED (right) for SSP model. Blue and 
black lines and symbols correspond to the model and observed data respectively. 




Figure 14. The results of modeling of the integrated disc spectrum at PAi = 20° (left) and disc SED (right) for SSP model without 
taking into account the UV data. Blue and black lines and symbols correspond to the model and observed data respectively. 


reached when the radial stellar velocity dispersion Cr at a 
given galactocentric distance r exceeds the critical value : 

Cr crit. - —■ Qt ■'i-i&GcrdI>c, (5) 

where >c is the epicyclic frequency, and Qt is the Toomre’ 
stability parameter which is equal to unit for pure radial 
perturbations of a thin disc. Numerical simulations show 
that for the marginal stability of exponential discs with fi¬ 
nite thickness the parameter Q t ~ 1-2 - 3 is slowly grow ing 
to the disc periphery (see f.e. iKhoperskov et ^boosl i. In 
general case, one have to take into account the presence of 
the additional dynamically cold component of the galaxy 
(gas) which makes the d isc more unstable (see for example 
iRomeo &: Wiegert]|201ll ). However in our case the local val¬ 
ues of a gas do not exceed 9 Mq/pc^ (see Paper I), whereas 
the density aa obtained from the rotation curve for r = Vd 
is at least one order of magnitudes higher. It means that 
the presence of a gas component with a typical velocity dis¬ 
persion 10 km s~^ does not change the stability condition 
significantly especially if to take into account the approxi¬ 
mate nature of our estimates. We choose again a represent¬ 
ing galactocentric distance Vd ss 21" (one radial scalelength), 
where in addition to the velocity of rotation we also have the 
estimates of stellar velocity dispersion. 

The marginal velocity dispersion Cr depends on the as¬ 
sumed disc inclination. Indeed, the reducing of i will increase 
both the value of the surface density g found from the rota¬ 
tion curve decomposition, and >r, that is the numerator and 
denominator in the equation above. However x at a given r 
is proportional to the velocity of rotation v which, in turn, 
is proportional to 1/sini, whereas G{rd) ~ 1/sin^j. 

It enables to compare the models with different inclination 
angles i. 

We estimated radial velocity dispersion from the ob¬ 
served line-of-sight stellar velocity dispersion Cobs at PAi, 


taking into account the expected links between the disper¬ 
sion along the radial, azimuthal and vertical directions: 

clbsG) = {cl ■ cos^(i) -I- c| • sin2(i) • cos^(a)-|- 

Cr sin^(i) • sin^(a) 

where a is the angle between the direction of the slit 
and the major axis. 

To solve the equation we need two additional condi¬ 
tions: Cr = 2fl • c^/>c ( Lindblad formula for the epicyclic 
approximation) and Cj = k ■ Cr, where Cz, c^, Cr are the 
dispersion along the vertical, azimuthal and radial direc¬ 
tions, projected on the plane of the galaxy. The coefficient 
k was taken to be 0.6 in accordance with direct measure¬ 
ments, which show that it could lie in the range 0.5-0.8 
(see e.g. IShaoiro et al.lf200l ). The epicyclic frequency was 
calculated from the Hi rotation curve for a given inclina¬ 
tion angle: x(r) = 2u(r)/r^0.5 -I- r/2u(r)(^|^). For the 
accepted i = 13° we obtained Cr = 72 km s“^. The gravita¬ 
tional stability criterion gives the upper limit of the surface 
density of stable disc at the radial distance of one scalelength 
Td as « 77Mq/pc^ which is ~ 2.3 times higher than it fol¬ 
lows from the decomposition of rotation curve constructed 
for i = 30° (see Paper I). However this density is compara¬ 
ble with the photometrically determined density at r = r^, 
obtained in Paper I for the usually accepted stellar IMF 
(« 112M0/pc^). If we take a more probable value i = 13°, 
the velocity of rotation will become about two times higher, 
and the marginal surface density at r = would be about 
(2±0.3)T0 ^Mq/pc^. This value exceeds both the photomet- 
rical density estimate and the maximum density of the disc 
compatible with the observed rotation curve. We conclude 
that the disc at this distance is stable and moderately over¬ 
heated. This overheating may be a result of tidal interaction 
or minor merging which looks quite possible because there 
are several faint galaxies observed in the close vicinity from 
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Figure 15. The results of modeling of the integrated bulge (3 < r < 8") spectrum at PAi = 20° (left) and the restored SED (right) 
for SSP model without taking into account the UV data. Blue and black lines and symbols correspond to the model and observed data 
respectively. 




Figure 16. The results of modeling of the integrated inner disc (r < 3^0 spectrum at PAi = 20° (left) and the restored SED (right) 
for SSP model without taking into account the UV data. Blue and black lines and symbols correspond to the model and observed data 
respectively. 


UGC11919, revealing themselves in the Hi map (see Paper 

I). 


4.5 Mass modeling 

We performed the decomposition of the rotation curve ob¬ 
tained from the reprocessing of the Hi data into Sersic bulge, 
exponential stellar disc, gaseous disc and pseudo-isothermal 
dark halo. The density profile of the Hi disc is taken from the 
observations and scaled by 1.3 to include the helium. The 
radial profiles of surface density of stellar disc and bulge are 
proportional to the distribution of their surface brightness 
(from Paper I). Two models were considered. In Model 1 
the mass-to-light ratios of disc and bulge are calculated us- 
ing the M/L-co l or mo del relations for scaled Salpeter IMF of 
iBell Sz de Jond (l200ll ~) . They are varying with radius accord¬ 
ing to the change of the color index {B — V)o of bulge and 
disc obtained in Paper I. In the Model 2 we use the constant 
mass-to-light ratios of stellar components derived from the 
spectra and SED modeling in Sect 14.31 As long as the surface 
densities of visible components are fixed the parameters of 
the dark matter halo (radial scale and asymptotic velocity) 
were scaled to achieve the minimal deviation of the resulting 
model rotation curve from the observed curve. Both best fit 
models of the rotation curve are shown in Fig. 1191 As could 
be seen from Fig. [T§] both models give a good fit to the ob¬ 
tained rotation curve. In Table [3] we give the masses of the 
components and the total mass (xIO^'^Mq) within the ra¬ 
dius r for the two models. The dark halo contains more than 
a half of the total mass within the last measured radius of 
the rotation curve for both models. 




Figure 19. The results of mass modeling of UGC11919 assuming 
i = 13° for the disc and bulge mass-to-light ratios obtained from 
the color indices in Paper I (varying with radius) (top panel) and 
from the SED and spectral fitting in current article (constant with 
radius) (bottom panel) . 































































Mass-to-light ratio of UGC11919 11 




Figure 17. The results of modeling of the summed disc spectrum at PA\ = 20° (left) and disc SED (right) for exp-SFH model. Blue 
and black lines and symbols correspond to the model and observed data respectively. 




Figure 18. The results of modeling of the summed bulge spectrum at PA\ = 20° (left) and bulge SED (right) for exp-SFH model. Blue 
and black lines and symbols correspond to the model and observed data respectively. 


5 CONCLUSIONS 

We performed the long-slit observations of spiral galaxy 
UGC11919 which was suspected in the previous study (see 
Paper I) as a galaxy possessing a peculiarly low dynami¬ 
cal disc and bulge mass-to-light ratios. The main results are 
given below. 

• We estimated the radial profiles of line-of-sight veloci¬ 
ties and the velocity dispersion for stars and gas. Spectral 
slices of UGC11919 allow to propose that the galaxy pos¬ 
sesses a nuclear disc, where the stellar velocity dispersion is 
lower than in the bulge. 

• The analysis of long-slit data together with SED with 
scaled Salpeter and Kroupa IMFs confirms the previous con¬ 
clusion that the mass-to-light ratios of stellar population 
are several times higher than it follows from the dynamic 
modeling of the rotation curve if the disc inclination angle 
corresponds to the photometrically defined values i > 30°. 
However the re-processing of Hi data showed that the lower 
inclination i = 13° cannot be excluded from dynamical data, 
which may eliminate the contradiction between the dynami¬ 
cal and photometrical estimations of disc mass. In addition, 
the stellar velocity dispersion at the radial scalelength rd 
better agrees with the ’’heavy” disc (i = 13°) - the ’’light” 
disc corresponds to the unrealistically large thickness of the 
disc Zo/rd = 0.7. The lower inclination also is in a good 
agreement with the position of the galaxy at the Tully-Fisher 
diagrams. It allows to conclude that the disc inclination of 
UGG11919 is significantly lower than it follows from the 
photometry which may evidence the non-round shape of the 
disc even after the correction for two-armed spiral structure. 

• Applying the sophisticated models of stellar population 
with “normal” (Salpeter and Kroupa) stellar IMFs to the 
spectra and the broad-band SED we obtained the mean age 
(4.2, 2.6 and 2.3 Gyr) and metallicity [Z/H] (-0.4, -0.5 and 
-0.3 dex) for the bulge, disc and nuclear disc of UGC11919 


correspondingly. It reveals the long lasting star formation in 
all three components. 

• We decomposed the rotation curve and estimated the 
masses of bulge, disc and halo assuming photometry based 
M/L of stellar components. 

• We found that the main disc of the galaxy is dynam¬ 
ically overheated. In principle, this could be the result of 
gravitation interaction with the companions, some of which 
are observed only in Hi (see Paper I). 
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PA=20 PA=-52 


Model 

T / r, Gyr 

SSP exp SFH 

[Z/H], dex 

SSP exp SFH 

MILb 

SSP exp SFH 

T / T, Gyr 

SSP exp SFH 

[Z/H], dex 

SSP exp SFH 

MILb 

SSP exp SFH 

inner disc 

2.05 

- 

-0.29 

- 

1.56 

- 

2.48 

- 

-0.31 

- 

1.87 

- 

bulge 

4 

5.22 

-0.44 

-0.36 

2.73 

2.07 

4.44 

5.14 

-0.45 

-0.37 

2.95 

2.09 

disc 

2.55 

7.75 

-0.64 

-0.54 

1.48 

1.42 

2.65 

7.83 

-0.50 

-0.37 

1.69 

1.56 


Table 2. The resulting parameters obtained by SED and spectra fitting for SSP and exp SFH models (see the text). 


Table 3. The results of mass modeling. 



r, kpc 

Mdisc, xlOi°M 0 

Mhalo, XIOIOMq 

M6„ige, XlOl°M 0 

Mgas, XlOl°M 0 

Mtot, xlO^°M 0 

Model 1 

29 

7.8 

15 

3.7 

0.9 

27.4 

Model 2 

29 

7.6 

15 

3.8 

0.9 

27.3 
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